in laminates without delaminations, the free-edge interlaminar normal stress distribution in the outer ply groups was insensitive to total laminate thickness. The interlaminar normal stress distribution for the interior ply groups was nearly the same as for an infinitely thick laminate. In contrast, the free-edge interlaminar shear stress distribution was nearly the same for inner and outer ply groups and was insensitive to laminate thickness.. In laminates with delaminations, those delaminations near the top and bottom surfaces of a thick laminate have much larger total strain-energy-release rates <G T > and mode I-to-total (G /G T ) ratios than delaminations deep in the interior. Therefore, delaminations can be expected to grow more easily near the surfaces of a laminate than in the interior. This is consistent with experimental results reported in the literature. Also, near surface delaminations in thin laminates tend to have larger strain-energy release rates than corresponding near surface delaminations in thick laminates.
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DESCRIPTION OF XNTERLAMINRR STRESS PROBLEMS
The two basic problems studied were the free-edge stress problem ( Fig. 1(a) ) and the edge delamination problem (Fig. Kb) ). For both cases the laminate is assumed to be long and rectangular. Away froa the ends where the loads are applied, the displacements at any x « constant plane are assumed to be given by (refs. 5, 6) u(x,y,z) = e Q x + U(y,,z)
v(x,y,z) = V(y..z)
w(x,y,z) = W(y"z)
The e is the uniform axial «train and U, V, and H are functions o of y and z only. Equations (1) describe a "quasi-three-dimensional" (Q3D) problem. The modifier "quasi" is used because there are displacements in three directions, but the gradients of U, V, and W with respect to the x-coordinate are zero. These properties are representative of those often assumed for graphite/ epoxy. The subscripts 1, 2, and 3 correspond to the longitudinal, transverse, and thickness directions, respectively, of a zero-degree ply.
Also, the uniform axial strain, C Q , was arbitrarily set equal to 0.001 throughout the study.
ANALYSIS
Two types of analyses were used: Q3D finite clement analysis and a laminate theory technique for calculating total strain-energy-release rate, G T . The Q3D analysis was used to obtain free-edge stress distributions and components of the strain-energy-release rates, Gj, G tl , and G . The laminate theory technique was used because it is inexpensive and yields an interpretation of the effect of laminate thickness on G T .
The theoretical basis of Q3D finite element analysis may be found in reference 6, so only the application of the Q3D analysis to infinitely 1 thick laminates and the finite element idealization will be discussed.
Infinitely Thick Laminates

'
The key aspects of ar.alj.is of infinitely thick laminates are:
( 
; -*
In all cases the repeating unit is a symmetric laminate, hence, in practice only half of the repeating unit was actually modeled if there
were no delaminations or the delaminations were symmetrically located
/ . ^'-'
: about the mldplane. Otherwise, the entire repeating unit was analyzed.
1 /" The same procedure is used whether or not the laminate has a delami-' . :
• nation. However, note that placing a delamination in the repeating _nit :
•; "' causes every similar interface in the infinite laminate to have the same delamination. degree of mesh refinement. All the models had a laminate width to thickness ratio, 2b/t, of at least 15.
For both finite and infinitely thick laminates the displacement functions U and V were prescribed to be zero along the line y = 0 and W was prescribed to be zero along the line z = 0. For the infinitely . >'• thick laminates all nodes lying on the line z = 4h were constrained to
have the same displacement W, with the net force in the z-direction on these nodes set equal to zero. 
/ Classical Laminate Theory Analysis
The laminate theory technique for calculating total strain-energyrelease rate, G T , is bajed on dividing a laminate into two types of regions: in one type the strain energy varies linearly with delamination length, and in the other type the strain energy is independent of delamination length (ref. 8) . A long delamination is assumed (i.e., a delamination length of more than twice the laminate thickness).
CO
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Consider the laminate in Fig. 4 , which is divided into four regions. In reference 2 the axial Young's moduli are calculated using CLT '"-• ' implicitly assuming N y = N xy
. ' 11
i .-• ,-'." / where x 11 is the (1,1) element of the inverse extensional stiffness y'./~ . matrix for region I, A , and t is the thickness of the laminate. Hence, the infinitely thick laminate is related to both 8-ply laminates. The effect of laminate thickness on the free-edge boundary layer width was also examined. This effect was qualitatively assessed by comparing the variation of 0 in the width direction near the free edge. Figure 10 shows the through-width o distributions for several laminates along 90-90 interfaces.
.Ij.
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The boundary layer width is less for an infinitely thick laminate than for the corresponding finite thickness laminate. That is, the width is less for [(45/0/-45/90) a l €D than for (45/0/-45/90> s ( Fig. 10(a) ).
Hence, the boundary layer width does not necessarily increase with Figure 11 shows the results for these laminates.
Specimen thickness has virtually no effect on the total strainenergy-re lease rate, G T , when the delaminations are at z = ± h, i2h, or Recall that Figures 5 and 6 showed that for an undelaminated specimen, a and cr distributions along the free edge were nearly the sane for the 8-ply and the infinite-ply laminates. But Figure 11 shows that The laminate theory technique always calculates the "steady-state" value, which in this case is zero.
These observations indicate that there may be a correlation between free-edge interlaminar stresses before delamination initiation and strainenergy-release rate right after delamination initiation. But after the delamination grows away from the free edge, there is not necessarily any correlation between the original free-edge stresses and the strain-energyrelease rate. laminates were examined. The repeating group in these laminates consists of 16 plies. As in the cases studied earlier, G T for the infinite laminate is less than or equal to G T for the thinner laminate (see Fig. 13 ).
The last phenomenon studied using the laminate theory analysis was 
/.
n ]' stiffness very little. Hence, the corresponding G T is small. For thi j " laminates, e.g., the 16-ply laminate, all of the plies can be considered to be near the top surface. Concomitantly, for the 16-ply laminate there is no distinct "interior region" in which G T is small. But for tha 32-and 64-ply laminates there is a distinct region in which G is small.
Note that for these three laminates, the interface which corresponds to maximum G T is the fifth interface from the top surface (i.e., at z = (4n-5)h). Furthermore, the maximum value appears to be asymptotically decreasing to a constant value as the laminate thickness increases.
Apparently the behavior (in terms of G T ) of the plies near the surface is nearly independent of the laminate thickness. Recall that-the free-edge stresses for the plies near the surface discussed earlier were also nearly independent of the laminate thickness.
These results predict that, based on total-strain-energy-release rates, delaminations would be expected to grow most easily near the top surface rather than the interior of a thick laminate. Also, outer plies of a thick laminate should be less prone to delaminate than the outer plies of a thin laminate. Furthermore, since the thick laminate has a smaller percentage of outer plies than a thin laminate, the percentage of delaminated interfaces should also decrease as the laminate thickness increases.
Finite Element Results
The CLT analysis calculates only the total strain-energy-release rates. To determine the relative magnitudes of Gj, G and G , Q3D
finite element analysis was used.
Eight-, 16-, and 32-ply laminates and infinitely thick laminates with 8-, 16-, and 32-ply repeating groups were analyzed. The finite thickness J. percentage decreases as the «.u~ rr"" the to P ," f " e la " e _ untu ae >Mpw is ^^ <-~s 0l t. for 3 2 -ply la " 1 ", to8 ,. In contrast to the results above, the infinitely thick laminates (Table 3) have essentially no mode I component. As mentioned earlier, G III was negligible. Hence, the strain-energy-release rate is essentially all mode II.
Comparison of Analysis and Experiments
The analyses presented earlier were used to discuss a few relevant experimental results in the literature. 15 ). This pattern of growth cannot be rigorously analyzed using either the Q3D or the laminate theory analysis, since the problem is fully three-dimensional. The actual G T was assumed to fall between G T calculated for a delamination at z = 0 and G T for a delamination at z = h, since the actual delamination path is bounded by z = ±h. Since G T for a delamination at z = 0 is larger than the maximum G' T for the 16-ply laminate, one would still predict the 8-ply laminate to delaminate at a lower strain than the 16-ply laminate.
The possibility that delamination growth is governed by the magnitude of the mode I component Gj. was also considered. Except for midplane delamination, for which Gj = G T , the Q3D analysis is required to determine the mode I component. Q3D analysis was performed for delaminations at z = h and z = ±2h for both laminates. The 16-ply laminate was also analyzed for a delamination at z = 5h. These interfaces were chosen because G T was large at these interfaces. Table 4 For the 16-ply laminate the largest Gj occurs for delamination at z = 0 (see Table 4 ). The magnitude of G T /h for e = 0.001 is 9.79 kJ/m . Proceeding as for the 8-ply laminate, e*^ is predicted to be 0.86%. In the actual test the specimen failed at a strain of 1% without delaminating. Of course, whether delamination growth was imminent when failure occurred is not known. 
